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PROVISIONAL SPECIFICATION 
No. 31S77 A.D. 1935. 

Method and Apparatus for Controlling the Temperature of 
Exothermic Reaction Chambers 



We, Robinson Bindley Processes 
Limited, a British Company, of 31, East 
Street, Epsom, in the County of Surrey, 
and Alpieep Atctjst Aicheh, a British 
5 Subject, of 22, Holland Avenue Wimble- 
don, London, S.W.20, do hereby declare 
the nature of this invention to be as 
follows • - ~ ~* 

This "invention relates to a method and 

10 apparatus for controlling the temperature 
of chambers in which an exothermic re- 
action is taking place. 

According to the invention the tempera- 
ture of the reaction chamber is main- 

15 tained at the desired point by evaporative 
cooling. A liquid heated to its boiling 
point is supplied to a boiling chamber 
in thermal contact with the reaction 
chamber; the liquid boils off, the latent 

20 heat of vaporisation being taken from the 
reaction chamber, which is thereby main- 
tained at the required temperature. The 
vapour is preferably condensed and led 
back to the boiling chamber, so that the 

25 cooling svstem forms a closed circuit. The 
liquid used for tooling is chosen so that 
its boiling point corresponds t approxi- 
mately to the temperature at which the re- 
action chamber is to be maintained; by 

80 varving the pressure under which the 
liquid boils, the temperature can be 
adjusted within fine limits. 

In one apparatus for carrying out the 
invention, the boiling chamber is formed 

35 bv the annular space between two con- 
centric vertical tubes inserted in the re- 
action chamber. At their lower ends the 



tubes are connected together and provided 
with an inlet for the liquid. The upper end 
of the outer tube is closed while the upper 40 
end of the inner tube is open. Tkevapoui- 
produced by the boiling of the liquid 
in the space between the tubes passes 
down through the inner tube to an outlet, 
from which it passes to a condenser. The 45 
liquid from the^ condenser is raised by a 
pump to a receiver, from which it flows 
by gravity through a heater, which raises 
its temperature to boiling point, back into 
the boiling chamber. The level of liquid 50 
in the boiling chamber depends on the 
level in the receiver and this latter level 
is maintained by an overflow pipe which 
leads from the receiver to a liquid trap. 
The liquid trap also acts as a pressure r 55 
chamber by means of which the pressure 
in the tooling system (and thus the boil- 
ing point of the cooling liquid) can be 
controlled. To this end, the pressure 
chamber is connected through a regulator 60 
valve with a source of compressed gas and 
is provided with a pressure gauge and with 
a safety valve. Alternatively, or in addi- 
tion, the pressure chamber can be con- 
nected to a vacuum pump, so that the 65 
pressure in the cooling system (and thus 
the boiling point of the liquid) can be 
reduced. 

The condenser of the apparatus above 
described may be replaced by a heat ex- 70 
changer in which the heat of the vapour 
is given up and utilised for heating pur- 
poses of any kind, or it may be replaced 
by a vapour engine of any suitable con- 



[Price I/-] 



o 



o 



4G7,5G4 



struction. The vapour from ilie boding 
chamber may be led to a condenser 
situated abuve the raised receiver; any 
small quantity of liquid which condenses 
5 in the rising pipe may be re-vaporised bv 
means of a suitably positioned heater in 
this way the pump may be eliminated and 
the cooling system is rendered independent 
of any moving parts. Other modinca- 
10 tions of the apparatus described are also 

P °0^ng to the fact that the co-efficient 
of transmission of heat to a liquid from 
a surrounding wall is much greater when 



the liquid is boiling than when it is not, 15 
the temperature difference between the re- 
action chamber and the cooling liquid is 
reduced to a minimum when the system ot 
the present invention is employed. The 
system thus presents considerable advan- 20 
tages over systems which depend simply 
upon a circulating liquid. 

Dated this 18th day of November, 1935. 
A. A. THORNTON, 
Chartered Patent Agents, 
7 Essex Street, Strand, London, W.C.2, 
For the Applicants. 



PROVISIONAL SPECIFICATION 
No. 5880 A.D. 1936. 
Method and Apparatus for Controlling the Temperature of 
Exothermic Reaction Chambers 



We, Robinson Butdley Pilocesses 
Limited, a British Company, of 31, East 
25 Street, Epsom, Surrey, England and 
Alfred Atgttst Aicheiu a British bub- 
iefct of 22, Holland Avenue, Wimbledon, 
London, S.W.20, do hereby declare the 
nature of this invention to he as f£l<>7 s: — 
30 This invention relates to a method and 
apparatus for controlling the temperatures 
of chambers in which an exothermic re- 
action is taking place. More particularly, 
the invention has reference to apparatus 
35: 0 f the land forming the subject of our 
co-pending application for Letters Patent 
Wo. 31877 of 1935. , . 

In the apparatus described m the speci- 
fication of that application the tempera- 
40 ture of the reaction chamber is main- 
tained at the desired point by evaporative 
Cooling. The boiling chamber for the 
cooling liquid is formed by concentric 
vertical tabes inserted in the reaction 
45' chamber. At their lower ends the tubes 
are provided with a common mlet through 
which the cooling liquid, heated to a tern* 
perature near its boiling point, can enter 
the annular space between the tabes The 
50 upper end of the outer tube is closed, 
while the upper end of the mner tube is 
oDen The vapour produced by the boil- 
ino- of the liquid in the annular space 
passes down through the inner tube to an 
55 outlet. The vapour is then condensed and 
subsequently returned to the boiling 
chamber. * By varying the pressure in the 
cooling svstem, the boiling point of the 
cooling liquid (and thus the temperature 
60 at which the reaction Camber is main- 
tained) can be ad]usted withm fir, ? limits 
In such apparatus, when the liauid m 
*he annul ar space is ac tually boiling^ts 
apparent deMity wrfM>^^ 



actual density of the liquid, owing to the 65 
presence of vapour bubbles in the liquid. 
If now the pressure within the cooling 
system is increased in order to raise the 
boiling point of the liquid and thus the 
temperature at which the reaction chamber 70 
is maintained, the liquid will temporarily 
cease to boil. Owing to the disappearance 
of the vapoiir bubbles, the apparent- 
density of the liquid in the annular space 
will increase and consequently the height 75 
of the liquid column will fall. The upper 
part of the outer tube is thus no longer - 
in- contact with the cooling liquid and can 
effect no appreciable cooling of. the re- 
action chamber. 80 

The apparatus described is particularly 
intended for controlling the temperature 
of catalytic reactions. In such cases it is 
important that the catalyst itself should 
not be overheated and it is therefore 85 
arranged in a cylindrical bed immediately 
surrounding the cooling tubes. It will be 
clear, however, from the foregoing ex- 
planation that in certain circumstances 
the upper part of the cooling tubes may 90 
cease to have any appreciable cooling 

According to the present invention 
therefore, the catalyst is arranged around 
the lower part only of the tubes, which are 95 
allowed to project above the top of the 
catalytic bed. This ensures that the 
catalyst is always adequately cooled and 
overheating is prevented. 

This arrangement has also a further 100 
advantage. The fluid which is to take part 
in the reaction should when it reaches the 
catalvtic bed he at a temperature as near 
as possible to that of the Catalyst itself. 
A preheater can, of course, be used to 105 
mlso the temperature of the gas or other 
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fluid in (lie required level, but it is alway> 
possible that the temperature may vary 
between the preheator and the catalytic 
bed. With tho arrangement above, dc- 
5 scribed, however, the protruding portions 
of the tube (which are normally at sub- 
stantially the same temperature as the 
catalrstV adjust the temperature of the in- 



coming ga< (whif-li preferably enters at the 
upper <*n r I oi' the reaction chamber; in a 10 
most efficient manner, before il. reaches I in- 
catulvtic bed. 

Dated this 27th dav of lVoruarv, V.m. 
A. A. THORNTON. 
Chartered Patent Agents, 
7. Essex Strpet. Strand. London. W.CVJ. 



COMPLETE SPECIFICATION 

Method and Apparatus for Controlling the Temperature of 
Exothermic Reaction Chambers 



We, Robinsox Bisdlet Processes 
Limited, a British Company, of 31, East 

15 Street, Epsom, in the County of Surrey, 
and Alfred Avgvst Aicher, a British 
Subject, of 22, Holland Avemie, Wimble- 
don, London, S.W.20, do hereby declare 
the. nature of this invention and in -what 

20 manner the same is to be performed, to 
be particularly described and ascertained 
in and by the 'following statement : — 

This invention relates to a method and 
apparatus for controlling the temperature 

25 of chambers in which an exothermic? re- 
action is taking place. The method and 
apparatus of the present invention are of 
the known kind in which the temperature 
of the reaction chamber is maintained at 

30 the desired point by cooling it by the 
evaporation of a liquid and adjusting the 
temperature at which the liquid boils. 
The liquid used for cooling is naturally so 
chosen that its boiling point corresponds 

35 approximately to the temperature at 
which the reaction chamber is to be main- 
tained; by varying the pressure under 
which the liquid boils, the temperature 
can be adjusted more exactly. 

40 The temperature controlling systems of 
this kind which have been proposed hither- 
to are not adapted to effect control with 
the uniformity and accuracy required. 
We have found that to maintain the tem- 

45 perature sufficiently uniform throughout 
the reaction chamber, the following 
essential conditions must be observed. The 
boiling liquid actually in contact with the 
walls of the reaction chamber must be kept 

50 in circulation, so as to prevent the forma- 
tion of a layer of vapour which would re- 
duce the thermal conductivity between the 
walls of the reaction chamber and the 
liquid. Accordingly only a relatively thin 

55 layer of the boiling liquid must be em- 
ployed and to ensure adequate circulation 
fresh liquid must be introduced at' the 
lower end of the boiling chamber while 
the vapour is withdrawn from the upper 

60 end. If the. boiling liquid is contained in 
a bath of relatively lnrge capacity, in 



which the reaction chamber is immersed, 
or is contained in conduits of circular cross 
section arranged within, the reaction 
chamber (one or other of which methods 65 
have usually been adopted in prior pro- 
posals) the formation of vapour films can- 
not be avoided. Equally it is impossible 
to obtain satisfactory results if (as ha* 
been suggested) the vapour is merely con- 70 
densed in the upper part of the boiling 
chamber and allowed to trickle back by 
gravity. We have also found it .to be 
essential that the liquid in contact with 
the walls of the reaction chamber should 75 
be boiling vigorously. Accordingly, the 
liquid should he heated to iN boiling point 
before it is introduced into the boiling 
chamber. Finally, where (as will usually 
be the Case) the reaction materials are 80 
passed continuously through the reaction 
chamber, we have found it essential that 
their flow should be in a direction opposed 
to the direction of flow of the cooling 
medium. 85 

With these requirements in view, the 
method of the present invention for con- 
trolling by cooling the temperature at 
which an exothermic reaction takes place 
consists in introducing into the lower part 90 
of a boiling chamber adjacent the walls of 
the reaction chamber a liquid previously 
heated to its boiling point, maintaining 
in movement in close contact with the 
walls of the reaction chamber a thin layer 95 
of vigorously boiling liquid, withdrawing 
from the upper end of the boiling chamber 
the vapour formed by the boiling liquid 
and adjusting the pressure under which 
the liquid boils. 100 

Apparatus in accordance witli the 
invention for carrying out this method of 
temperature control comprises a reaction 
chamber, a boiling chamber defined be- 
tween a wall of the reaction chamber and 105 
a second wall closely adjacent thereto, 
means for heating a liquid to its boiling- 
point and introducing it into the lower 
part of the boiling chamber, means for 
withdrawing the vapour from the upper 110 
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part of the toiling chamber and adjust- 
able means for controlling the pressure in 
the boiling chamber. Preferably means 
are provided for condensing the vapour 

5 produced in the boiling chamber and 
leading it back into the boiling chamber, 
so that a closed circuit is formed. The 
reaction and boiling chambers may con- 
veniently be formed by concentric tubes ; 

10 preferably three such tubes are provided, 
the spaces between them forming the re- 
action chamber, the boiling chamber and 
a passage serving to receive the vapour 
produced in the boiling chamber. 

15 It has already been proposed in the 
specifications of Letters Patent Nos. 
390186 and 390504 to control the tempera- 
toe of a Camber in which an exotherm c 
faction is taking place by inserting in the 

■>0 chamber a number of tubes each closed at 
its upper end and provided with an inner 
coaSic tube open at its upper eiuL 
Squid is supplied to the lower ends of the 
outer tubes and evaporating under the 

25 neat of the reaction and thereby cooling 
the reaction chamber forms a climbing 
K™ of liquid The vapour produced 
pies avSriownwardly through the 
Kr tubes. This proposed apparatus was 

30 £5 provided with means f or justing the 
Sure under which the liquid boiled nor 
with means for preheating the. liquid to 
i£ boffins point before introducing it into 
tbYa3a? spaces between the concentric 

35 tubes For these reasons the apparatus is 
Tot adapted to give the precise but flexible 
c£S^top.xatae which 

SXamber are formed by three coaxial 
46 t&esl 2, and 3, the space between tubes 
rand 2 forming the reaction chamber and 
{be space wSfen tubes 2 and 3 forming 
the bailing chamber. At their lower ends 
tubes 2a?d 3 are connected together and 

Sat of va^risation being taken from the 

?if condenser is raised by a pump 6 
60 through a pipe 7 to a receiver 8, from 
Sit flows" by gravity, through a pipe 
Q to a heater 10, which raises its tempera- 
te to bS g point, and thenCe through 

rgpell bael W th^tog-ch^BL 

65 The level of liquid in the boiling chamber 



depends on the level in the receiver 8 and 
this later level is maintained by an over- 
flow pipe 12 which leads from the receiver 
to a liquid trap 13. The liquid trap also 
acts as a pressure chamber by means oi <" 
which the pressure in the cooling system 
(and thus the boiling point of the cooling 
liquid) can be controlled. To this end. 
the pressure chamber 13 is connected 
through a pipe 15 provided with a to 
regulator valve 16 with a source of com- 
pressed gas 14 and is provided with a 
pressure gauge 17 and with a saf ety valve 
18. Alternatively, or in addition tJie 
pressure chamber can be connected to a »u 
vacuum pump,- so that the pressure in the 
cooling system (and thus the boiling point 
of the liquid) can be reduced. . 

Owing to the fact that the co-efficient 
of transmission of heat to a liquid from 85 
a surrounding wall is much greater when 
the liquid is boiling than when it is not, 
the temperature difference between the re- 
action chamber and the coohng liquid is 
reduced to a minimum when the system of 90 
the present invention is employed, ine 
system thus presents considerable advan- 
tages over systems which depend simply 
upon a circulating liquid. 

When the liquid in the annular space 95 
between tubes 2 and 3 is actually boiling, 
its apparent density will be less than the 
actual density of the liquid, owing to the 
presence of vapour bubbles in the liquid 
and its surface 22 will accordingly he 100 
above the level of the liquid m the receiver 
8 If now the pressure within the cooling 
system is increased in order to raise the 
boiling point of the liquid, and thus the 
temperature at which the reaction 10o 
chamber is maintained the liquid will 
temporarily cease to boil. Owing to the 
disappearance of the vapour bubbles, the 
apparent density of the liquid in the 
annular space will increase and conse- 110 
quently the surface of the liquid column 
will fall to the position indicated in dotted 
lines at 23. The upper part of the tube i 
is thus no longer in contact with tJie pool- 
ing liquid and can effect no appreciable 115 
cooling of the reaction chamber. The. 
apparatus described is particularly in- 
tended for controlling the temperature oi 
catalytic reactions. In such cases it is im- 
portant that the catalyst itself should not 12C 
be overheated and it is therefore arranged 
ia a cylindrical bed immediately sur- 
rounding the cooling tube 2. It will be 
clear, however, from the foregoing ex- 
planation that in certain circumstances 125 
the upper part of the cooling tube may 
cease to have any appreciable cooling 
effect. Accordingly the catalyst should, 
_ as is indicated in the drawing be arranged 
around the lower part only of th e tube U U- 
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which is allowed to project above the top 
of the catalytic bed. This ensures that the 
catalyst is always adequately cooled and 
overrating is prevented. This arrange- 
5 mcnt has also a further advantage. The 
fluid which is to take part'm the reaction 
should when it reaches the catalytic bed 
be at a temperature as near as possible to 
that of the catalvst .itself. A preheater 
10 can, of course, be used to raise the tem- 
perature of the gas or other fluid to the 
required level, but it is always possible 
that the temperature may vary between 
the preheater and the catalytic bed. With 
15 the arrangement above described, how- 
ever, the protruding portion of the tube 
2 (which is normally at substantially the 
same temperature as the catalyst) adjusts 
the temperature of the incoming gas 
20 (which preferably enters at the upper end 
of the reaction chamber through a tube 24 
and leaves at the lower end through a tube 
25) in a most efficient manner, before it 
reaches the catalytic bed. 
25 The condenser 5 and pump 6 of the 
apparatus above described may be omitted 
and the vapour from the boiling chamber 
led through a pipe 19 to a condenser 20 
situated above the receiver 8, any small 
30 quantity of liquid which condenses in the 
rising pipe being re-vaporised by means 
of a heater 21, all as indicated in broken 
lines on the drawing. In this way the 
pump may be eliminated and the cooling 
35 system is rendered independent of any 
moving parts. 

The condenser 5 or 20 of the apparatus 
above described may take the form of a 
heat exchanger in which the heat of the 
40 va P our is giv© 11 U P an< * utilised for heat- 
ing purposes of any kind, or it may be re- 
placed by a vapour engine of any suitable 
construction. 

Having now particularly described and 
45 ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is: — „„. , 

1. A method of controlling by cooling 
50 the temperature at which an exothermic 
reaction takes place, which consists in 
introducing into the lower part of a boil- 
ing chamber adjacent the walls of the re- 
action chamber a liquid previously heated 
55 to its boiling point, maintaining in move- 
ment in close contact with the walls of 
the reaction chamber a ( thin layer # of 
vigorously boiling liquid', withdrawing 



froin the upper end of the boiling 
chamber the vapour formed "by the boiling 60 
liquid and adjusting tho pressure under 
which the liquid boils. 

2. Apparatus for controlling by cooling 
the temperature at which an exothermic 
reaction takes place, comprising a reaction 65 
chamber, a boiling chamber defined be- 
tween a wall of the reaction chamber and 

a second , wall closely adjacent thereto, 
means for heating a liquid to its boiling 
point and introducing it into the lower 70 
part of the boiling chamber, means for 
withdrawing the vapour from the upper 
part of the boiling chamber and adjust- 
able means for controlling the pressure in 
the boiling chamber. # # *6 

3. Apparatus in accordance with claim 

2 and comprising return means for con- 
densing the vapour produced in the boil- 
ing chamber and leading it back into the 
boiling chamber. # , 80 

4. Apparatus in accordance with claim 

3 wherein the return means comprise a 
condenser situated below the level of the 
boiling chamber and a pump for raising 
the liquid condensed. . 85 

5. Apparatus in accordance with claim 
3 wherein the return means comprise 
a condenser situated above the level of the 
boiling chamber and a heater for re- 
vaporising any liquid condensed below the 90 
level of the condenser. 

6. Apparatus in accordance with any of 
claims 2 to 5 wherein the reaction chamber 
and the boiling chamber are formed by co- 
axial tubes. t 95 

7. Apparatus in accordance with claim 
6 and comprising three coaxial tubes, the 
spaces between which form the reaction 
chamber, the boiling chamber and a pass- 
age serving to receive the vapour produced 100 
in the boiling chamber. 

S. Apparatus in accordance with any of 
claims 2 to 7 and comprising a catalyst 
located in the reaction chamber, wherein 
the top surface of the catalyst is below the 105 
normal surface level of the boiling liquid 
in the boiling chamber. 

9. The improved apparatus for control- 
ling the temperature of exothermic re- 
action 'chambers, substantially as herein 110 
described. 

Dated this 12th day of November, 1936. 
A. A. THORNTON, 
Chartered Patent Agents, 
7, Essex Street, Strand, London, W.C.2, 
For the Applicants, 
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